The snapshot model of crystal atoms was implemented in the Monte Carlo code ChaS (Channeling Simulator) and is being successfully used for simulation of ultrarelativistic particle channeling. The model was criticized by Sushko et al. (J. Comp. Phys. 252 (2013) [404][405][406][407][408][409][410][411][412][413][414][415][416][417][418] who claim that it overestimates the mean scattering angle in a single projectile-atom collision. As a matter of fact, no evidence that would support this claim can be found in the mentioned publication. Moreover, the snapshot model and the model suggested by Sushko et al. yield essentially the same value of the mean scattering angle. In contrast to the snapshot model, the model preferred by Sushko et al. does not take into account incoherent scattering of the projectile by crystal electrons. This explains why the two models predict different values of the dechanneling length. The claim that the snapshot model underestimates the dechanneling length is unfounded. In actual fact, this model is in good agreement with experimental data. Unlike the AAP model, the snapshot model assumes that atomic electrons are seen by a high-speed projectile as pointlike charges at random positions around the nucleus. The atomic potential is therefore modeled as a sum of Coulomb potentials of the nucleus and the electrons (see [2] for details). Having been implemented in the computer code ChaS (Channeling Simulator), this model is used for Monte Carlo simulation of ultrarelativistic particle channeling in crystals [2] [3] [4] [5] [6] [7] .
In Ref. [1] , Sushko et al. criticized the snapshot model of crystal atoms [2, 3] . Instead, they suggested to substitute the atom with its average potential. In the following, the model used in Ref. [1] will be referred to as the average atomic potential (AAP) model. Sushko et al. implemented the AAP model in the code MBN Explorer.
Unlike the AAP model, the snapshot model assumes that atomic electrons are seen by a high-speed projectile as pointlike charges at random positions around the nucleus. The atomic potential is therefore modeled as a sum of Coulomb potentials of the nucleus and the electrons (see [2] for details). Having been implemented in the computer code ChaS (Channeling Simulator), this model is used for Monte Carlo simulation of ultrarelativistic particle channeling in crystals [2] [3] [4] [5] [6] [7] .
The authors of Ref. [1] insist that the snapshot approximation overestimates the mean scattering angle in a single projectileatom collision. This proposition was reiterated several times in Ref. [1] : on pp. 405, 407, 414, and 416 as well as on pp. S2 and S7 of the supplementary material. The same statement was replicated in subsequent papers [8] [9] [10] with the claim that it's validity was demonstrated in Ref. [1] . In actual fact, neither the main paper text nor the supplementary material of Ref. [1] contain any calculation results for the mean scattering angle. Sushko et al. did not reveal what value they considered as a benchmark for the mean scattering angle and how they arrived to the conclusion that the benchmark value is overestimated by the snapshot model. Moreover, it can be shown that the mean scattering angle in the snapshot model is equal to the the scattering angle in the Email address: andriy.p.kostyuk@gmail.com (Andriy Kostyuk) AAP model at the same value of the impact parameter unless the models are used outside of their applicability domain. Indeed, the point-like electrons in the snapshot model are distributed around the nucleus with the probability density
where r is the radius-vector with the origin in the nucleus, e is the absolute value of the elementary charge and Z is the atomic number of the atom, U M (r) is the average atomic potential approximated with Molière's parametrization [11] . (The same approximation for the potential is used in the AAP model [1] too.) Due to its spherical symmetry, Molière's potential depends only on the absolute value of the radius vector r = |r|.
As it has already been mentioned above, the potential U S (r) of the snapshot atom is defined as a sum of the Coulomb potentials of the the nucleus and the point-like electrons. Due to linearity of Poisson's equation, averaging of U S (r) over a large number of snapshots reproduces the original Molière's potential
Sushko et al. refer to the above result in Eq. S4 and check it numerically in Fig. S1 of the supplementary material of Ref. [1] . However, they did not do further steps towards the evaluation of the mean scattering angle. Let us fill this gap. It follows from (2) that a similar expression is valid for the force F S (r) acting on the projectile of charge q in the field of the snapshot atom
where F M (r) is the force acting on the same projectile in Molière's potential U M (r). The force is directed along the radius vector, F M (r) = r/rF M (r), due to spherical symmetry of Molière's potential. In a similar way, any other quantity that depends linearly on the potential has the same value in the both models.
In the case of channeling, scattering through only very small angles (of the order of Lindhard's critical angle, Eq. (1.1) of Ref. [12] ) is relevant. Typically, Lindhard's angle is smaller than one milliradian. Therefore, the approximation sin θ ≈ θ can be safely used for the scattering angle. The trajectory 1 of the projectile during the scattering can be approximated with a straight line along the initial direction of particle momentum. This allows one to express the scattering angle θ θ θ S (b) as a linear functional of the force and to show that its average over snapshots is equal to the scattering angle θ θ θ M (b) in Molière's potential:
where v and p are, respectively, projectile speed and momentum, subscripts and ⊥ stand, respectively, for longitudinal and transverse components of the corresponding vectors with respect to the initial direction of the projectile momentum and b is a vector connecting the projections of the atomic nucleus and the initial position of the projectile onto the transverse plane. So, the mean scattering angle in the snapshot model is equal to the the scattering angle in AAP model unless it is large enough to invalidate the approximations that have been used to obtain Eq. (4), i.e. unless it exceeds Lindhard's angle by orders of magnitude. If such a scattering takes place, only the fact that the projectile quits the channelling or quasi-channelling mode is essential. The precise direction of the projectile motion after a large angle scattering is irrelevant to the channeling process and does not influence the simulation results.
Instead of evaluating the mean scattering angle, as they announced in the main text of the paper, Sushko et al. introduced and evaluated another quantity -the root mean square (rms) scattering angleθ
in the supplementary material of Ref. [1] . Unlike the mean scattering angle, the rms scattering angle is a nonlinear functional of the force. The scattering in average potential is deterministic. The angle of projectile scattering by an atom is uniquely determined by the impact parameter. Therefore,θ M (b) = |θ M (b)|.
In contrast, the snapshot model takes into account incoherent scattering of the projectile by atomic electrons. Therefore, the scattering angle changes randomly from one snapshot to another. Let us represent it as
where δ δ δ(b) is the deviation of the scattering angle in a given snapshot from its average value. By definition, the mean value of δ δ δ(b) over a large number of snapshots is zero: δ δ δ(b) = 0. Taking this into account one obtains from (5) and (6) 
which is just a well known mathematical fact that the rms value of any set of real numbers is always larger than or equals to the magnitude of theirs mean value. The equality is reached in the only case of all numbers in the set equal each other. Therefore, AAP model is a limiting case yielding the least possible rms scattering angle for each value of mean scattering angle.
Any model that takes into account incoherent scattering of the projectile by atomic electrons has to be stochastic: the value of the scattering angle has to vary randomly even if the impact parameter is fixed. Therefore, not only the snapshot model but also any other model that takes into account the incoherent scattering has to yield a larger value of the rms scattering angle than the AAP model does.
For the same reason, the dechanneling length in the snapshot model is shorter than in the AAP model. Indeed, being applied to the modeling of channelling, the snapshot model takes into account two mechanisms of incoherent scattering that lead to the projectile dechanneling. The fist one is due to the mentioned stochasticity of the scattering angle at a given impact parameter resulting from incoherent scattering of the projectile by the 2 The numerical procedure is based on Eq. (S1) of the supplementary material of Ref. [1] . The applicability domain of this formula is limited to small scattering angles. Sushko et al. mention this fact on page S1, but they do not reveal if this restriction is enforced in their numerical procedure. If not properly used, Eq. (S1) can yield arbitrary large values of the scattering angle that destroy the convergence of the calculation. This may be the reason for the large statistical errors seen in Fig. S2 and for their irregular dependence on the impact parameter.
crystal electrons. The second one is related to the stochastic variation of the impact parameter caused by random displacements of the atomic nuclei from their equilibrium positions in the crystal due to thermal vibrations.
Only the latter mechanism is present in the AAP model implemented in MBN Explorer, hence the longer dechanneling length it predicts:
This fact is interpreted on p. 416 of Ref. [1] in the way that the snapshot model "underestimates" the dechanneling length. Apparently, Sushko et al. adopted their own model as a "benchmark", with respect to which other models have to be evaluated whether they "overestimate" or "underestimate" the "true" value.
As a matter of fact, the electronic scattering contribution to dechanneling has been present in the channeling models since the dawn of the field (see e.g. pp. 36 and 37 of Ref. [12] ). Its significance has never been disputed since then. Therefore, there is absolutely no ground to see the model that ignore this effect as a "benchmark" or even as a move forward with respect to other models. For example, the algorithm of Ref. [13] , which likewise simulates electron channeling form the fist principles, also yields a smaller value of the dechanneling length than those obtained in Ref. [1] .
Sushko et al. refer to the value of the dechanneling length reported in Ref. [14] , which is even larger than the one given by the AAP model, as to the "experimental value". (They did not admit, however, that their own model "underestimates" the dechanneling length with respect to this value.) In reality, the dechanneling length was not measured in Ref. [14] directly. It was estimated using a diffusion model 3 within KitagawaOhtsuki approximation [15] . Then the result of the model calculations was found to be in agreement with a measured dependence of the channeling radiation intensity on the crystal thickness, which presented in the same paper (Fig. 16 of Ref. [14] ). However, the snapshot model was shown to be in agreement with the same experimental data as well (Fig. 10 of Ref. [2] ). In other words, the present experimental data cannot discriminate between these models. Hopefully, new experiments at Mainz Microtron (MAMI), in particular those with crystals of thickness below 10 µm, will be done and will help one to reduce the uncertainty in the electron dechanneling length. Similar measurements with a positron beam would be instructive in discriminating between the snapshot model and the AAP model.
In conclusion, I would like to stress the importance of scientific integrity. In particular, contribution of other colleagues to the field of research has to be credited appropriately. In the third paragraph on page 405 of [1] the authors claim that the concept of the crystalline undulator has been formulated 'recently' and refer to their papers [16, 17] published in 1998-1999. In fact, this concept has been known since 1980 [18] [19] [20] .
